
i 't 

t 

c~ddard Space nigh 

CFSTI PRICE(S) S '"N66 2 9 3 6 3 '  - 
a 

ITHR ) 7 U C C E S S I O N  NUMBER) 

I- - (CODE) 

H /y 
(PAGES) 

Hard copy (HC) /, b-0 
i .. 3/ Microfiche (MF) tLm 

I U f E G O R Y )  (NASA CR OR TMX OR AD NUMBER) 

ff 853 July 66 

J G COSMIC SYSTEM "ELECTROIV" 

*-.. W _-_EEE&mvs APU OF *sxwTEz 

c 



DRAFT TRIWSLATICH 

NASA TT F-8681 

9T-m 10 123 

'4 

Newspaper wRtAW)Aw 
No. 75 (16661) page 3 
iS l h ~ ~ 9 1  1964 

By S.N. Vernov 
GOA. skuridin 
N.L.  Logacher 

More than ane month ha8 passed since the lam- of scisatific 

space atation8 %lectron f and Electron 11". Their nin object is the 
c ~i_lmiltaneous study of m h . 8  rsdiatian belts. _-  

This c o l m  refers specif'ically t o  the study of their orbits 

and of the meaning of the apparatus installed o board. 

* * *  

N.B. - Since ue previowly reported a press conference dealing with the 

subject (ST-PR 10 ID), the first part of the present colum, which deala 
4- 

with radiation belts, ha8 been deleted. 

ORBITS OF SPUTNIKS W-Ra! I AND I P  

e The orbits for the Cosmic S t a t i m  Electron I and a c t r o n  XI 

were chosen with the purpose of simuluneow 8tudy of the upper layers 
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of the atmosphere, the Earth's radiation belts and the  circmuterrestrirl 

space.,) A t  the same time seveml other factors have been taken into 

coasiderrtim, when selecting satellite orbitr, such as fo r  example the 

conditiau providing the best radio cammicatian during copwct with 

the aatellite, the stations* l i f e  in orbit, there illirinr t i a a  by the 

sun, etc .  

With a l l  the abaveaantimed facts in  rind two e l l ip t ic  orbits 

of great eccentricity h v e  finally been chosm. 

provides the opportuaity f o r  scientific research at W o u a  altitude8 

( f ra  the upper atmosphere hyers t o  the h t e r p h e t a r y  space, 

t h e  radiation belts). The first orbit l ies in the most intaresting 

area of xhe innur i - & k Z i G  Luck; 2t =xill1y 6ntemects the outer 

mdiatiaa belt and then encompssses the regim with the irregular 

nugnetic field,  where the unsteady charged particle flovrr are located. 

These p r t i c l e s  are c m t i n g  pobr aurorae. The s e c d  o&it, p8rt-y 

crossing the inner belt passes through the most intereat- -8 of the 

outer belt and cros8es the area with nanslatioasiry curreEts of lowenerg 

electrons, situated beyond the outer belt and designated in the 

scientific l i terature  as the outernst  belt  of charged particles. The 

highest point of the f irst  orbit, the apogee i r  at 7000 km, which 

correspmds t o  about the outer boundary of the  inner belt, while the 

apogee of second orbit is i n  the 65000 - 7oooO lor range. The perigee 

of both orbits is established in the 400 - 460 lan range. 

Thia type of orbit 

The focal axes of spaceships' orbits have different directions- 

The focal asis of the law orbit passer through the h e r  belt. A8 t o  
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that  of the high orbit, it was so selected t o  obtain the  greateet 

possible alt i tude difference at indentical grographic lati tudes during 

flights over the ascending and descending orbits, which is bportaat 

frolr the standpoint of scientific meas-8 when investigating the 

outer belt. The inclination selected f o r  both orbits is about 61' t o  

the equatorial plane. With such an inclination the orbit  apogee w i l l  

sh i f t  toward the north and the Electron I orbit w i l l  pass in  the course 

of a year through the whole thickness of the  inner radiaticm belt, The 

magnetude of the  inclination exerts a strong effect upon orbit parameter 

variations under the influence of lunar and solar perturbrtiaw, The 

dispositioa of orbit perigees in the northern hemisphere assures the  

most favorable conditiars f o r  radio cnrPanmicatiob, with the ground 

statians. A t  the same t i m e  when the  stations are i n  the perigee region 

of orbits, the volume of scientific observatians is lrarE, inrrrrch 

as in this region studies of upper atmosphere layers are canducted 

alongside with those of radiation belts, It is well known that sat- 

ellites, moving along l a w  orbits, have limited lifetime because of 

decelerrtion in  the lomr layers of the atmosphere. Lifetime increases 

with the orbit height. 

the  perigee of Electron satellites, the orbit increases at apogee t o  

severdl tens of thousand b, involves the effect of new factors - the  

g r a v i t a t i d  forces of the Moan and of the Sua. 

tha t  under an unfavorable coslbination of these forces, the satell i te 

lifetime at 65 t o  7oooO km may constitute several dap .  

Uhile these factors have l i t t l e  importauce fo r  

Computations have shown 

In connection with that, detailed investigations mre conducted 
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in orbits with hi& apogee and launching t h s  were cletemined so as 

t o  assum a sufficiently loag lifetime f o r  "Electron 11" over the  

particularly stretched orbit selected for it. 

The most appropriate means of creating a cosmic systea with the 

above mentioned orbits is the simultaneous putting i n  orbit of two 

spacecnfts by a single carrier rocket. 

The 8va i l ab i l i q  in the Soviet Union of powerful boosters 

allowed this problem t o  be solved precisely by the above method. H o w  

ever, i n  practice this entailed seeioua technical problems. 

effect i f  was necessary t o  materialize the separation of the first of 

them over the active portion of the flight of the last 

carrier rocket while its engine was still operating. The separation 

of Electran I must have been made i n  such a fashion that no perturbing 

moments were created which would affect the guidance sptem of the last 

stage and the accumcy of rightly putting Electron I1 into orbit. In 

fact, at  Electron I separation, the latter should not h i t  the active 

zone of the reactive jet of last stage's engine. 

To that  

of the 

Both these difficult ies were overcame by using a special 

reactive system ensuring the separatian of Electron I from the last 

stage of the carrier rocket with a strictly iplposed velocity. The 

sapantion took place practically without any perturbing effects 

upon the further motion of the last stage. Almgside with this , the 

constructim of Electron I was worked out in  such a way that the station 

was most coapact without any protruding parts at time of separation. 
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Electron I and Electron 11 are autoprtic scientific s a t e l l i t e  

statioas conceived fo r  a complex study of the circmterreatr ia l  space. 

Fig 2 and 3 offer a general view of Electron I and II. The 

solar batteries, ante- and guidance systems are located at the 

exterior of the spacecd t .  The cylindic part of the body of the body 

of the spaceship has revolving jalousies as part of t h e m  reguhtioaa, 

The station Elect- I has folding autcnrur and solar battery pure18 

which open up an camand as soon as Electron I hirs seprrrrtel from 

the carrier rocket. 

over the active pox%ian of the flight. 

This is coupled with the asstmace of separri.tioaa 

On the station a e c t m  I1 the panels of solar batteries u'b 

solidly fastened t o  the frame. 

number of instNments effecting meas-s a t  numemu8 points of the 

orbit, The result of measurements a m  registered by a 8pci . l  airborne 

appamtus. Later, all the data gathered are broadcast t o  Earth, The 

control of the whole apparatus is reliably Q88Wd fran the pund. 

Electron I and Electron I1 have a gwt 

Let us ana lpe  the nrajor problems which Elect- I md glectraa 

I1 must solve. The main problan is the study of the inner utd outer 

rrdi8tiaa belts of t he  Earth. For this purpore bath staticma h v e  

indentical apparatus, measuring electrons and protans of different 

energier. 

conporitioa of d 8 S i a U  in the radiation belts S i m U l t U l O O U 8 1 ~  at two 

points of the circumterre8tri.l space. 

This type of measurements w i l l  p e d t  t o  deternine the 
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Electran I flies around the a r t h  at the alt i tude of approximately 

7000 lan, 

of the outer belt are studied. A t  the same t he ,  Electran I1 cuts through 

the outer radiatian bel t ,  moving bepmd through i n t e r p l a n t q  space where 

particles of the radiation belts are absent and the -in fom of aissiar 

consists of cosmic rays. 

With the aid of Electron I the inner radiatim b e l t  and pnzt 

The pressace of identical apparatus an both statim f l a w s  t o  

determine the looatian of the rudiatim belts i n  space. This appuptrrs 

i s  recording the particles with very high energies; fo r  -e, electrum 

with 2 million eV, protons - with 30 mil l ion ev and protcms - w i t h  energies 

of more than 50 KeF. 

through the hermetically sealed container. 

such particles the appnrtus has been installed at the exterior sufmce 

of the spacecraft. 

fine matterjtheir thickness constitutes a few thousandtha of a fraction 

of m. 

one aaillim eV can penetrate through such screens. 

of particles with smaller energy,Electran I1 has been provided with the 

so-called spherical analyzer, No barrier of an;l kind staada in the peth 

of particles hitting this analyzer, Being deflected i n  the electrostatic 

f ie ld ,  the particles flaw a l q  a circle, I n  flight, the electric 

voltage applied t o  the spheriml analyzer is u u h t i c r r l l y  switched off. 

E!y the same token, protms and electrons of various anergies beginning 

with 10 eV are tmpped. Lowenergy particles can also be ccrptured with 

the aid of a charged particle trap, 

Particles of lawer energies cannot penetrate 

For the registratioa of 

The detectors are shielded with screens of extremely 

Electrons with 30 KeV urd protons with energies of more than 

For the registretion 

similarly t o  the inrUU8tiaa 8b& 
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Soviet cosmic rockets having discovered the ianized gtocorans and the 

outermost belt  of the Rwth  coasisting of coop.rmtivelylaw-energy 

electrons. 

The multiple m e a s ~ s  in the geocorma Md i n  the outemst 

bel t  with .the a i d  of detectors desieped f o r  law-energy paFticlee must 

significantly contribute t o  the volume of data on these regions of the 

c i r cun tems t i a l  space. 

A radio transmitter "M.yak", emitting coherent md imves ,  is 

installed aboard Electran I. Observing these waves by m a n s  of ground 

stations one m y  track the propagation of radiowaves and d o t e d  the 

concentration of electrons at g rea t  h e i m s .  Low-energy particles are 

registered aboard Electron I by a special couuter in conjunction vi th  

an accelerating tube. To shield the p h o t d t i p l i e r  cathode fraa the 

l igh t ,  the crystal must necessarily be covered up with some opaque 

material. 

Rowever thin the f o i l  m y  be, it Wil l  at any ra te  oppose the 

ingress into the crystal of electrons with energies below 10 KeV. 

a c d e r s t i n g  tube, installed ahead of the crystal fills that gap, imp8rt- 

ing  t o  slaw electrons-a cauplementary velocity and briag,,$heir energ 

t o  10 K e V .  Thus the apparatus installed allOws the regbtratioa of 

electrons with lowest energies (about 100 eV) up t o  swerrl teas of 

thousands eV. 

rad ia t im b e l t  is dependent on the Earth a s p e t i c  field. Therefore, 

the  infomation about the radiation belt  must be capotmded with the 

The 

t i l  

The flow of charged particles within the Earth's 
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data on the magnetic field. 

bel t  can lead t-rd the creatioa of an a d d i t i d  mapetic field. 

The flow of particles within the radiation 

For the  registration of the d u e ,  direction and intensity of 

the magretic f ie lds  2 magnetometers were placed an glectron 2. One of 
them being less sensitive, is capable of m e a s a  8 relative,intense cr 

magnetic field. 

f ields which exist in the outer mdiation belt and wen at great 

destances beyond it. 

energies inside the radiation belts and the  value of the magnetic f ie lds  

created by these particles closelylinked with one another. The 

sirultaneous measurement of the various particles and different mngnetic 

f ie lds  vill provide a very inp0-t infonnation about the  Zwth rrdi- 

atim belts. 

of t h e  atmosphere are very important. In this a r t i c l e  we wish t o  under- 

l i ne  the possible relationship between the Earth radiation belts and the  

formatian of the upper part of the atmosphere. 

The other is designed for  measuring weak llrrgaetic 

The concentration of cbrged particles of differant 

I t  is obvious that the investigations of the upper layera 

Particles of the Earth radiation belts ntravelix@ from North 

t o  South sometimes end t he i r  l i f e  below the areas 

Under the influence of same s t i l l  unknown factors they are pouring out 

from the M a t i m  belts, bombarding the  higher layers of the  atmosphere. 

In t he i r  way the  radiation belts ac t  upon the Earth's atmosphere. On the  

other hand it is possible that there appwr in the upper layers of the 

atmosphere some of those particles which, upon accelemtion and egress 

heycmd the limits of the atmosphere hecame particles of the radiation 

belts. On both scientific stations Electron I and nect ron  I1 radio- 

containing the belts. 
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frequency nass speetrometers were installed for the determination of the 

chemical composition of the upper atmosphere layers. 

particles (electron, protons) dust particles or  the so-called micro- 

meteorites, move around the Earth. 

American and Russian satellites the number of the micro meteorites is 

Aside fmm elementary 

As yos established with the aid of 

greater inside the area nearest t o  Earth, than within the interplanetary 

space, 

besiles the micrometeorites which are reaching here from the interplanet- 

space, micrometeorites that  circle around the &arth for  8 l a q  t ime .  

A meteorite detector was imtalbd on glectraa I, d i th  the 

The -son for this is very simple: In this area there are, 

a i d  of which we can register the number of strokes along the sa t e l l i t e t s  

orbit. 

of Sun's X rrp. 

flares. The registraticm of Sun's X rays w i l l  provide the possibility 

of 3etemining the conditions of Sun's act ivi ty  and the i r  relationship 

with the Earth's radiation belts. 

laboratories,flying deep inside the cosmic spaze,will provide an oppor- 

tunity t o  study the emissions which have been r e a b g  the Earth fmm 

cosmic space depths. 

Also installed on Electron I is  an apparatus f o r t h e  registratim 

The intensive X-ray emissian is appearing during solar 

Creation of the 8utonutic space 

The majority of cosmic rays originate beyand our solar system. 

The Earth's atmosphere and magnetic field are a serious hindrance t o  

cosmic rays on the i r  way t o  t h e  Earth. 

the magnetic f ie ld  of the Earth, an3 because of t h i s  all the apparatus 

for  t h e  registration of cosmic ra,ys is concentrated in it. 

t h i s  apparatus allowed not only the registration of cosmic ray intensity, 

Electron I1 is tmveling beyond 

Some of 
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but also the datemination of their  chemical carpositim, Le .  ascertain 

the nuclei fran the standpoint of what atmu they originate from and i n  

what nunbers. The opportunities of the cantemparary astronomy are very 

big, because - besides the visual rap we can observe invisible radiotaves, 

arriving from space. 

as  we know that the Earth is surrounded by the  ianosphere, which ref lectr  

the short, medium and long radimves. Because of thir it is possible t o  

cormaunicate with different parts of Earth. This is 8 good advantage, but 

at the same time it bounces al l  the wmes a m v i n g  from beyard space with 

wave length greater than 100 - 150 meters and back i n to  space. H e m t i r e  

these mves valuable inforrrtians about the Universe. In order t o  

register such waves m e  must cane out of the Earth atmosphere and tbt 

is what sa te l l i t es  are  doing. Electron I and Electron If carry radio 

receivers,able t o  register radiowaves of 200 - 400 meter wavelengths. 

A new science - radiostronq has been developed, 

bn 

These doubtless w i l l  contribute a very valuable scientific in fomt ioa .  

More than a mcmth has passed since the successful hunching of 

On March 12, glectroa I completed 357 convolutiau Electran I and 11. 

and 155 radio carrmmication seslrims have been carried out. 

Electron I1 completed more than 44 revolutims with 25 such 

sessions. 

A l l  the data fma that month correspond t o  the period of the 

Further research will allow the study of tima variations Quiet Sun. 

of space characteristics for various levels of solar activity. 
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FIG .I. - GEIm?& 3XEl*Z SHO:.','I??G THE 065ITS OF SATELTJITSS 

"ELECTRON- I and If ELE C m0N- I I" 
I\JD TZEIR POSITION ::;ITH ~ s m x  TO RADI~TION BELTS. 
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Fig. 2. - General View of t he  S t a t i o n  ltElectron-I1l 
1.- hermetically-seii led body; 2- j a lous i ed  of t h e  
therno-regulat ing sys t en ;  s o l a r  b a t t e r i e s  ; 
4.- antennas; 5- micrometeorite d e t e c t o r ;  6.- device 
for t he  r e g i s t r a t i o n  of corpuscular  r a d i a t i o n ;  
7.- mass-spectrometer; 8.- d e t e c t o r  of protons;  
9.- device for s tudying  the energy spectrum of 
r a d i a t i o n  b e l t s '  e l ec t rons .  
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Fig 3 a -  SPACE STATION "ELECTRON-2" 0- 

1- hermetical ly-sealed body (frame 1; 
2- j a l o u s i e s  of the  therzoregula tory  system; 
3.- solar b a t t e r i e s ;  4.- antennas3 5.- magne- 
tometer;  6.- s o l a r  o r i e n t a t i o n  sensore ;  
7.- s p h e r i c a l  anelyeer  f o r  the s tudy  of t he  
e n e r q  Epectrum of low-enerm p a r t i c l e s ;  
8.- device  for t he  s tudy  of  the  chemical con- 
p o s i t i o n  of cosmic rays :  9.- device f o r  s tudying  
the  eiierRy spectrum of r a d i a t i o n  b e l t s '  e l ec t ron6  
10.- mass-apectrometer; 11.- device for the  i n v e s t i -  
ga t ion  of Sun's X-ray r a d i a t i o n :  12- d e t e c t o r  for 
low-energy protons; 13.- chaqed p a r t i c l e  trap8 . 
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